SUMMARY In view of the complex cardiac anomalies frequently associated with left-sided juxtaposition of the atrial appendages the disposition of the sinus node has been studied in 6 of these hearts. While the sulcus terminalis still provides a landmark to the position of the node, the nodes were in an anterior position in all 5 hearts with complete juxtaposition, 2 being inferior to the crista terminalis. The node was in a more normal, lateral position in the sixth case with partial juxtaposition.
The disposition of the sinus node originally described by Keith and Flack (1907) has since been well investigated (for example Davies, 1942; Hudson, 1960; Challice, 1966; James et al., 1966; Truex et al., 1967; Lev, 1968; James, 1970; Anderson et al., 1979) . As the right atrium and its appendage are common sites for manipulation, placement of sutures, and cannulation in cardiac surgery, it is imperative that the areas bearing the sinuatrial node and its arterial supply be avoided.
To the best of our knowledge the disposition of the sinuatrial node has not yet been ascertained in hearts with juxtaposed atrial appendages. Normally each atrial appendage lies to one side of the great arteries. The term 'juxtaposition of the atrial appendages' was coined by Dixon (1954) to describe the condition whereby both atrial appendages were adjacent to each other and lie to the same side of the great arteries. As juxtaposition is often associated with complex cardiac malformations (Melhuish and Van Praagh, 1968) requiring correction or palliation for continuing life, precise knowledge of the location of the sinus node in the malformation is of paramount importance. For instance, correction of ventriculoarterial discordance, a commonly associated anomaly with juxtaposition (Melhuish and Van Praagh, 1968; Rosenquist et al., 1974; Allwork et al., 1977) , by Mustard's repair would involve considerable atrial manipulation. A similar situation would arise if tricuspid atresia, another frequent association (Melhuish and Van Praagh, 1968) , was present 'R.H.A. is supported by the Joseph Levy Foundation together with the British Heart Foundation. Received for publication 26 June 1978 and a conduit was attached to the right atrium in attempting correction (Fontan and Baudet, 1971 ).
For these reasons we have ascertained the disposition of the sinus node in 6 patients with leftsided juxtaposition of the atrial appendages.
Subjects and methods
Six hearts with both right and left atrial appendages to the left of the great arteries were available for i.
Sinus node in juxtaposition study from the Brompton Hospital collection. One of these had partial juxtaposition in that though a large part of the right atrial appendage was juxtaposed to the left, a small portion remained to the right of the great arteries. Two of the heart? were processed and embedded in paraffin wax in toto. Each block was then serially sectioned in a sagittal plane from right to left at 10 ,u thickness. Every 25th section was mounted and stained using Masson's trichrome technique. Additional sections were stained as deemed necessary after initial examination. After locating the sinus node in these 2 hearts, strips of atrial wall expected to bear the sinus node were excised from the third to fifth hearts and prepared as above. The entire right and Jeft atria were removed in a single block from the sixth heart, processed, and sectioned transversely.
Results
The complex associated malformations in the hearts studied are shown in the Table. The sinus node was identified in all cases. In terms of histology the structure of the nodes was no different from those of normal hearts which we studied in another investigation (Anderson et al., 1979, Fig. 1) . However, the position of the node showed considerable variation, both from the normal and among the hearts studied. The first 2 specimens had persistent left superior venae cavae but no specialised tissue was seen in its vicinity. The sinuatrial node in these 2 cases was seated in the anterior wall of the right atrium in the dip of the atrioventricular sulcus (Fig. 2 and 3) . The nodes werenearly spindle-shaped and supplied by a small central artery which was a branch of an anterior atrial artery. There was no evidence of a branch to the sinuatrial junction.
The third and fourth specimens also had spindleshaped sinuatrial nodes but they were located anteriorly at the sinuatrial junction (Fig. 3) . The node in the fourth specimen was somewhat dispersed and the matrix was very fibrous. Also, the vicinity of this node was haemorrhagic. The nodal arteries were eccentric in relation to the nodes.
The node in the fifth specimen was on the anterior atrial wall, inferior to the sinuatrial junction (Fig. 3) . It was shaped like a flattened spindle and located subepicardially. The matrix was mainly fibrous and some adipose tissue was also seen. The nodal artery was large.
The sixth case, which had partial juxtaposition, had the sinuatrial node in a more 'normal' position. It nestled in the sulcus terminalis between the 'bud' of the right atrium and the superior vena cava and stretched across to the lateral side (Fig. 3) . The nodal artery was large and penetrated the node centrally after crossing the front of the right atrium.
Discussion
The sinuatrial nodes in the abnormal hearts did not differ histologically from the normal (Anderson et al., 1979) . Their position did show more variation. In the normal, the node usually occupies a lateral position in the sulcus terminalis. In the hearts with juxtaposition, the node was more anterior, usually still being found in the sulcus terminalis but being Sulcus terminalis located in an unusually low position in 2 cases. In the latter hearts the node was found on the dip of the anterior atrial wall towards the atrioventricular sulcus. The nodal artery in these cases was an anterior atrial branch of the artery which also supplied the roof of the left atrium. Retrospective study of the electrocardiogram showed that these 2 cases had a high P wave vector of + 900 while the other cases were well within normal limits. The sixth case, with partial juxtaposition, showed a more normal position of the node behind the bud of the right atrial appendage on the right, being laterally located within the sulcus terminalis.
Contrary to Rosenquist et al. (1974) , who commented that the crista terminalis was absent in their cases of partial juxtaposition, being invaginated into the juxtaposed right atrial appendage, the crista in all our cases was observed in its usual course and gave rise to pectinate muscles on the anterior atrial wall. As in the normal, its position was marked externally by the sulcus terminalis and consequently continues to provide a landmark to nodal position. As indicated, however, in 2 cases the node was inferior to the crista terminalis. None the less, in view of the consistent anterior location of the sinus node in complete juxtaposition of the atrial appendages together with the fact that the arterial supply is from an anterior artery, it is desirable to avoid this area in surgery, particularly in Fontan's procedure. The 2 inferior nodes appear to be located in a relatively safe area.
Although it is now possible to diagnose juxtaposition by cardiac catheterisation and angiography (Ellis and Jameson, 1963; Hunter et al., 1973; Deutsch et al., 1974) only one of our cases was diagnosed as such before operation. All our cases with left-sided juxtaposition were associated with severe ventricular and infundibulo-truncal malformations (Table) (Melhuish and Van Praagh, 1968; Anderson et al., 1976) . Early diagnosis should draw the surgeon's attention to these anomalies, particularly the high probability of either presence of tricuspid atresia or hypoplasia of the right ventricle.
